The relationship between migraine and psychopathology has been discussed far more often than it has been systematically studied. Twentieth-century investigators have frequently described the obsessional, rigid, angry personality postulated to characterize migraine sufferers. More recent population-based studies have demonstrated associations between migraine and depression and migraine and panic disorder. This article discusses the relationship of migraine and personality and migraine and psycho-pathology. • Cormorbidity, depression, dysthymia, mania, migraine, panic disorder, personality, psychopathology Stephen D. Silberstein, One Penn Boulevard, Philadelphia, PA 19144, USA. Tel. +1 215 951-8926, fax. +1 215 843-8935. Received 21 November 1994, accepted 23 February 1995 The relationship between migraine and psycho-pathology has been discussed far more often than it has been systematically studied. One ancient view suggests that migraine was caused by evil spirits. More recently, Andrew Pope, in The Rape of the Lock, suggested a relationship between depression (spleen) and migraine.
Abbreviations: Com = common migraine; Cls = classic migraine; Combo = combination; EPQ = Eysenck Personality Questionnaire; EPQ-E = EPQ: Extraversion; EPQ-N = EPQ: Neuroticism; EPQ-P = EPQ: Psychoticism; EPQ-L = EPQ: Lie; HA = headache; MC = muscle contraction; Mig = migraine; Mixed = mixed headache type; PT = post trauma; RR = response rate; SMCH = scalp muscle contraction; TTH = tension type headache.
TTH, showed a tendency to score above the norms on the N scale. None of the headache groups showed any association with the L scale. Clearly, the inclusive migraine group is more representative of migraine sufferers than the pure migraine group, as most migraineurs in that study also reported TTH. For this group, findings paralleled those of Brandt et al. on the N scale.
Merikangas et al. (23) investigated the cross-sectional association between personality, symptoms, and headache subtypes as part of a prospective longitudinal study of 19-and 20-year-olds in Zurich, Switzerland, when the subjects were 29 to 30 years old. Personality was assessed by the Freiburg Personality Inventory (FPI). The symptoms checklist 90 (SCL-90) was used to examine somatic and psychologic symptoms. Migraineurs scored higher on indicators of neuroticism than did non-migraine subjects. This difference reached statistical significance only in subjects with migraine with aura (n = 11). Somatization was the only subscale on the SCL-90 which discriminated between subjects with migraine and those without migraine. TTH subjects did not differ from controls on any of the personality or symptom scales.
Samples of convenience (Tables 2 and 3)
Passchier et al. (25) recruited adult headache patients and healthy control subjects through advertisements in a local newspaper (Table 2) . Subjects with headache disorders were offered behavioral therapy, while control subjects were paid. Migraine and TTH subjects both showed elevated achievement motivation, while rigidity was present mainly in the TTH group. Neither migraineurs nor TTH subjects showed elevations on the neuroticism or obsessive-compulsive scales. These findings are limited because the recruitment and incentive procedures may have introduced selection bias. Headache sufferers who desire behavioral therapy may have different psychologic profiles than do headache sufferers in general.
Passchier et al. (24, 25 ) studied a stratified sample of schoolchildren in Holland. About 57 000 children were chosen, and headache was measured using Waters' headache questionnaire. Compared to children without headache, children with migraine and TTH were characterized by a high motivation to achieve and by a fear of failure (24) . Schmidt et al. (17) recruited subjects from a large metropolitan city in western Canada using a press release. From the initial screening, 125 subjects with migraine (103F, 22M) between the ages of 20 and 55 years were selected; all received the Jackson Personality Inventory. No differences were found between migraine sufferers and historical norms for anxiety, tension, or orderliness. Lower scores were found on complexity, risk-taking, and social participation scales and higher scores on responsibility and value orthodoxy scales. A potential response bias may have affected the results, as subjects who respond to a press release may differ from other migraine sufferers. Response bias might be especially likely because the study did not use a control group of persons who responded to a press release. Abbreviations: Com = common migraine; Cls = classic migraine; Combo-combination; EPQ = Eysenck Personality Questionnaire; EPQ-E = EPQ: Extraversion; EPQ-N = EPQ: Neuroticism; EPQ-P = EPQ: Psychoticism; EPQ-L = EPQ: Lie; HA = headache; MC = muscle contraction; Mig = migraine; Mixed = mixed headache type; PT = post trauma; RR = response rate; SMCH = scalp muscle contraction; TTH = tension type headache.
Henryk-Gutt and Rees (9) interviewed a random sample of civil servants with migraine with aura, migraine without aura, non-migrainous headache, and non-headache to obtain information on personal, medical, and family histories (Table 3 ). Groups were matched for age, sex, marital status, and civil service grade. Migraineurs, compared to non-migraine headache patients and non-headache controls, had significantly increased N scores on the EPQ, increased anxiety and somatization scores on the MMPI (women only), and increased hostility scores on the Buss Scale. Women migraine clinic patients had even higher N scores, anxiety, and hostility scores (9), a finding that might reflect high rates of comorbid diseases among the clinic patients. Phillips (26) studied patients with migraine and "muscular tension" headache. Questionnaires were mailed to a sample of approximately 1500 patients selected from a general practice register. A sample of 68 headache cases (the basis of selection is uncertain) completed the EPQ. The group consisted of 39 migraineurs, 24 muscular tension-headache patients, and 5 individuals with both conditions. (Migraine was defined by the presence of two or more of the following symptoms: unilateral headache, nausea and/or vomiting, and sensory prodromata. Muscular tension headache was defined as headache with no more than one of the above symptoms (with the exception of vomiting).) The groups did not differ from each other on N, E, P, or L scales of the EPQ. A different sample of tension-headache patients, selected on the basis of their desire for treatment and their headache severity, had significant elevation of N scores. Perhaps this was a sample of patients with transformed migraine (27) , since the higher N score was associated with higher medication use. This study did not have non-headache controls and used historical norms.
Crisp et al. (28) surveyed every fifth adult from a group practice in a small English town (5000 adults). Patients were interviewed and given the Middlesex Hospital questionnaire. Women with migraine were significantly more anxious and depressed than were non-migraine subjects, many of whom had other headache types. (Diagnostic criteria for common migraine were a throbbing headache (unilateral or bilateral) associated with nausea and/or vomiting and/or severe photophobia. Classic migraine required a preceding "warning".) There was no control group.
Hundleby and Loucks compared 91 young adult migraineurs with 126 non-migraine controls recruited from students who completed a headache questionnaire. Measurements included the Personal Data Form, the 16P-F, the Jackson Personality Research Form (Form E), the Depression Adjective Checklist (Form A), stimulation-seeking scales, and other selected objective tests of personality. Anxiety and cortertia (a measure of alertness and arousal) scores were significantly higher in the migraineurs (29) . The authors concluded that the differences, while detectable, were meager at best.
Köhler and Kosanic (30) found no difference between 69 migraineurs and age-and sex-matched controls in ambition, orderliness, and rigidity. Controls were patients from a neurologic and psychiatric practice; the patients had phobias, insomnia, or marital problems and agreed to fill out the personality questionnaire in the waiting room. This is clearly not a healthy control group.
In summary, studies that used the EPQ or similar personality measures and compared persons with migraine to non-migraine controls have reported an association between migraine and neuroticism (22, (24) (25) (26) . (Results from one study (22) were consistent with this conclusion although not statistically significant.)
MMPI studies (Table 4)
Most investigators (31) (32) (33) (34) have found that MMPI scores in migraineurs fall within the normal ranges, in contrast to the abnormalities found in patients with chronic TTH or mixed headache disorders (Table 4 ) (35) . However, the original MMPI-I was developed on the basis of item responses from psychiatric patients (36) and has a distinct psycho-pathologic bias. It may not be sensitive to the personality traits found in non-psychiatric populations in general and in migraineurs specifically.
Kudrow and Sutkus (33) found that patients with migraine and cluster headache scored lowest, those with TTH and "combination headache" in the intermediate range, and those with post-traumatic headache scored highest on the neuroticism scales of Sternbach et al. (32) studied 182 patients with vascular headache (migraine), muscle contraction headache, and mixed headache, and controls, and noted statistically significant differences on the MMPI in the Depression and Psychasthenia (anxiety) scales. While vascular headache patients tended to be less depressed and anxious than the muscle contraction and mixed headache group, the statistically significant differences were not considered clinically significant. Levor et al. (38) studied 33 patients who had migraine, either with or without aura (common or classic, Ad Hoc criteria) recruited from physicians specializing in headache treatment. Twenty-four migraine patients also had muscle contraction headaches. These subjects had mild subclinical elevations of the Hs, D, and Hy scales.
Ellersten and Klíve (39) compared MMPI profiles in men and women with chronic muscle pain to the profiles of chronic tension-type headache patients and women migraineurs. Elevation of the Hs, D, and Hy subscales was found in all groups. A "conversion V" profile was found in women migraineurs but not in women with chronic tension-type headache.
Ellersten (40) prospectively studied a group of female migraineurs, comparing MMPI profiles before and after biofeedback and autogenic training. There were no differences on the MMPI between the most improved and the least improved patients before the start of treatment, suggesting that the MMPI has no value in predicting outcome. At 2 years, however, there were significant differences between these sub-groups. The most improved patients had significant improvement on five MMPI scales, suggesting that the headache disorder and the MMPI profile improve in parallel. The authors suggest that the psychologic problems reflected in the MMPI improve when the pain problems decrease, although other interpretations are possible. These findings suggest that the MMPI profile does not invariably reflect enduring personality characteristics; it may reflect "state" characteristics associated with having severe headache. The least improved group showed a slightly more elevated V configuration, but profiles were essentially unchanged. The resistant patients may continue to have the "state" characteristics associated with headache; alternatively they may have a comorbid psychiatric illness that is associated with abnormal MMPI profiles.
Rappaport et al. (41) compared MMPI profiles in headache sufferers who had IHS criteria migraine, muscle contraction, or mixed headaches. Within this headache population, four MMPI cluster profiles were found that did not correlate with their headache diagnosis.
Dieter and Swerdlow (42) found the MMPI profiles of 505 individuals with various headache diagnoses, including migraine, to be less pathologic than those reported in prior studies (Table 4) . Clinically significant elevations of the Hy, D, and Hs scales occurred only in the post-traumatic and mixed headache groups. All five headache diagnoses had a significantly greater proportion of "conversion V" (muscle contraction headache (12.5%), migraine (18.3%), cluster headache (20.7%), mixed headache (24.6%), and post-traumatic headache (31%)), than headache-free controls (0%). There were no significant differences among the headache conditions in "conversion V" frequency. (This is one of the few convenience-based samples with a control group.) When the items in the MMPI that address headache or their associated symptoms were deleted and the scores recalculated, there was a decrease in both the Hy and Hs scales to below the 70t clinical threshold. These data suggest that MMPI abnormalities result in part from accurate reporting of pain and its associated symptoms, and that there is a large intra-group variance in MMPI scores. Most MMPI studies have been clinic-based, limiting their generalizability and creating opportunities for selection bias. Some have not used control groups, relying instead on historical norms. Many have not used explicit diagnostic criteria for migraine. Despite these limitations, most studies show elevation of the neurotic triad, although this is not statistically significant.
Studies on migraine and personality have generally not controlled for drug use, headache frequency, or headache-related disability. One group found a slight non-significant increase in some T values of the MMPI in patients with drug abuse (44) . Furthermore, they have not controlled for major psychiatric disorders (such as major depression or panic disorder), which occur more commonly in migraineurs (see next section). Comorbidity of migraine and major psychiatric disorders might confound the assessment of the relationship between migraine and personality traits. Neuroticism, in particular, is associated with depression and anxiety, which occur with increased prevalence in migraineurs (see next section). Differences in neuroticism across studies might reflect variations in the role of comorbid psychiatric disease. The available data suggest that migraineurs may be more neurotic than non-migraineurs. The stereotypical rigid, obsessional migraine personality might reflect the selection bias of a distinct subtype of migraine that is more likely to be seen in the clinic. Because of inconsistencies across studies, further research is needed before a definitive generalization can be made.
Migraine and psychopathology and psychiatric disorders
In contrast to the numerous studies on the relationship of migraine to personality traits or psychologic distress, there are only a few studies on the relationship of migraine to specific psychiatric disorders (46) (47) (48) (49) (50) (51) (52) (53) . Several clinic-based studies have reported an increased prevalence of migraine in patients with major depression and an increased prevalence of major depression in patients with migraine (41, 42) . Three population-based studies have examined a wide range of psychiatric disorders in addition to major depression (43-47).
Merikangas et al. (43) reported on the association of migraine with specific psychiatric disorders in a random sample of 457 adults aged 27 to 28 years in Zurich, Switzerland. Persons with migraine (n = 61) were found to have increased 1-year rates of affective and anxiety disorders. Specifically, the odds ratio for major depression (OR (2.2, 95% CI 1.1-4.8)), bipolar spectrum disorders (OR (2.9, 95% CI 1.1-8.6) ), generalized anxiety disorder (OR (2.7, 95% CI 1.5-5.1)), panic disorder (OR (3.3, 95% CI 0.8-13.8)), simple phobia (OR (2.4, 95% CI 1.1-5.1)), and social phobia (OR (3.4, 95% CI 1.1-10.9)) were significantly higher in persons with migraine compared to persons with no migraine. The odds ratio is used in retrospective case-controlled studies to approximate the relative risk. Because subjects in case-controlled studies are selected by the presence or absence of disease rather than by exposure status, the odds ratio is defined in terms of probabilities of exposure instead of probabilities of disease. The interpretation of the odds ratio is straightforward. The odds ratio for migraine and major depression implies that the odds of migraine are 2.2 times greater in persons with depression than in those without depression. Because the 95% confidence interval does not include 1.0, this difference is statistically significant at the p = 0.05 level.
Migraine with major depression was frequently complicated by an anxiety disorder. In persons with all three disorders, Merikangas et al. suggest that the onset of anxiety generally precedes the onset of migraine, whereas the onset of major depression follows the onset of migraine. Merikangas believes that migraine associated with psychiatric morbidity may be a distinct syndrome, with different manifestations at different times in the life cycle. Anxiety may appear in early childhood, followed by migraine and then depression. Disease duration may be more important than attack frequency in determining the presence of associated psychologic conditions. If there is a subtype of migraine associated with anxiety and depression, it may require, or respond differently to, different treatment (44).
Stewart et al. (45) reported on the relationship of migraine to panic disorder and panic attacks in a population-based telephone interview survey of 10 000 Washington County, Maryland residents aged 12 to 29 years. The highest rates of migraine headaches occurring in the last week were reported by men and women with a history of panic disorder. The proportion of migraine headaches reported by those with a history of panic attacks (who did not meet the criteria for panic disorder) was intermediate, whereas the proportion of migraine headaches in persons with no history of panic attacks was lowest. The relative risk of migraine headache during the previous week associated with a history of panic disorder was 6.96 in males and 3.70 in females. The associations of panic disorder and panic attacks with other types of headaches (i.e., muscle contraction symptoms, forehead pain only, and other) were considerably weaker (45).
Stewart et al. (46) , in a follow-up study of the same population, found that 14.2% of women and 5.8% of men with a headache in the previous 12 months consulted a physician for the problem. An unexpectedly high proportion of those who consulted a physician for headache had a history of panic disorder. Of those who recently saw a physician, 15% of women and 12.8% of men between the ages of 24 and 29 years had a panic disorder. In contrast, only 5% of women and 3.1% of men in the same age group who had never seen a physician for headache had a history of panic disorder. This suggests that comorbid psychiatric disease is associated with seeking care for headache disorders and that the association between migraine and panic disorder would be overestimated in a clinic-based study (Berkson bias) (54).
Women with panic disorder who had recently seen a physician for headache had more severe, complex, frequent, and debilitating headaches, and often had extended disability. Migraine headache was very common (36%) among those with panic disorder who sought care for headache. This epidemiologic study clearly demonstrates that a comorbid condition may be more highly ,represented in a clinic-based population.
Breslau et al. (47) reported on the association of migraine (using the IHS criteria) with specific psychiatric disorders in a sample of 1007 young adults aged 21 to 30 years in southeast Michigan. Persons with a history of migraine (n = 128) had significantly higher lifetime prevalences of affective disorder, anxiety disorder, illicit drug-use disorder, and nicotine dependence. Sex-adjusted odds ratios were 4.5 for major depression (95% CI 3.0-6.9), 6.0 for manic episode (95% CI 2.0-18.0), 3.2 for any anxiety disorder (95% CI 2.2-4.6), and 6.6 for panic disorder (95% CI 3.2-13.9) (55). The psychiatric comorbidity odds associated with migraine with aura were generally higher than the comorbidity odds associated with migraine without aura (47) . Migraine with aura was found to be associated with increased lifetime prevalence of suicidal ideation and attempts, controlling for sex, major depression, and other co-occurring psychiatric disorders (56) .
Using follow-up data gathered 3.5 years after baseline, Breslau et al. (57) reported on the prospective relationship between migraine and major depression in their cohort of young adults. The relative risk for the first incidence of major depression during the follow-up period associated with prior migraine was 4.1 (95% CI 2.2-7.4). The relative risk for first migraine during the follow-up period associated with prior major depression was 3.3 (95% CI 1.6-6.6). Although the onset of migraine was reported to have preceded the onset of major depression in more than one-half of the comorbid cases, partially confirming the report by Merikangas et al. (42) (43) (44) , the relative risk for the first onset of migraine in persons with prior major depression was nearly as high as the relative risk for the first onset of major depression in persons with prior migraine. In summary, recent epidemiologic studies support the association between migraine and major depression previously reported in clinic-based studies. Analysis of prospective data indicates that the observed cross-sectional or lifetime association between migraine and major depression could result from a bidirectional influence, from migraine to subsequent onset of major depression and from major depression to first migraine attack. Furthermore, these epidemiologic studies indicate that persons with migraine have increased prevalence of bipolar disorder, panic disorder, and one or more anxiety disorders. An association with illicit drug use disorder was reported by Breslau et al. (47) , but this was not detected in the Zurich cohort surveyed by Merikangas et al. (43) . An association with nicotine dependence reported by Breslau et al. (47) replicated previous reports of an increased prevalence of smoking in women with migraine (58, 59) .
Alternative explanations and suspected mechanism
Associations between migraine and psychiatric disorders might be accounted for by two alternative explanations: (i) migraine is the cause of psycho-pathology or, conversely, is caused by it; and (ii) migraine and the psychiatric disorders associated with it have shared genetic or environmental risk factors.
Research to date has focused primarily on the migraine-major depression comorbidity. It has been proposed that major depression in persons with migraine might represent a psychologic reaction to repeated, disabling migraine attacks. Such an interpretation is consistent with the observation that, on the average, migraine has a younger age of onset than major depression and persons with comorbidity generally report an earlier age of onset of migraine than of major depression. Nonetheless, several lines of evidence suggest that, despite the typical chronologic pattern, major depression in comorbid cases cannot be adequately explained as a psychologic response to migraine attacks.
One line of evidence comes from a study of a biologic marker of depression in patients with migraine. Jarman et al. (60) administered the tyramine test to 40 migraine patients, 16 of whom had a lifetime history of major depression. Low tyramine conjugation, a trait marker for endogenous depression, was strongly associated with a lifetime history of major depression in subjects with comorbid disease, regardless of their current psychiatric status. The authors argue that the association of the trait marker with major depression in patients with migraine rules out the possibility that the depression is a psychologic reaction to migraine attacks.
A second line of evidence comes from the findings of Breslau et al. (51) demonstrating a bidirectional relationship between migraine and depression. In particular, the increased risk for the first onset of major depression in subjects with migraine weakens the hypothesis that major depression in persons with migraine is a psychologic response to disabling headache. The psychologic explanation for major depression associated with migraine would have predicted that the influence is only in one direction, that is, from migraine to subsequent major depression. Furthermore, Breslau and Davis (61) reported that the risk for new episodes of major depression (and/ or panic disorder) did not vary by the proximity of migraine attacks. Specifically, the incidence of major depression in persons whose last migraine attack had occurred more than 1 year before baseline was 15.4%, compared to 13.1% in persons with migraine attacks during the preceding year. A higher incidence of new psychiatric disorders in persons with active compared to past migraine would have supported the secondary (reactive) depression hypothesis.
Despite several parallels between migraine and major depression in neurotransmitter abnormalities and pharmacologic treatment, there is little direct evidence of shared mechanisms (62, 63) . Based on two family studies of the co-segregation of migraine with major depression, Merikangas et al. (44) reported that there was no evidence that the association between the two disorders was transmissible within families by genetic or environmental mechanisms. It is possible that both disorders are accounted for by a common underlying condition. One possibility is that dysregulation in a neurochemical system within the brain, for example the serotonergic system, gives rise to both disorders. It is also possible that each condition somehow increases the risk for the other (56, 57, 64) . The data regarding these choices are not clear at this time.
